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7KH WUXH IUXLW IO\ JHQXV Rhagoletis 'LSWHUD
7HSKULWLGDH FRQVLVWV RI  GHVFULEHG VSHFLHV
GLVWULEXWHG LQ WKH +RODUFWLF DQG 1HRWURSLFDO
UHJLRQV  RI ZKLFK ZHUH OLVWHG DV LPSRUWDQW
DJULFXOWXUDO SHVWV E\ :KLWH DQG (OVRQ+DUULV
 2I WKHVH WKH (XURSHDQ FKHUU\ IUXLW IO\ R.
cerasi / LV WKH PRVW VHULRXV SHVW RI VZHHW
FKHUULHV Prunus avium / WKURXJKRXW (XURSH
DQG LQ SDUWV RI WHPSHUDWH $VLD )LVFKHU&ROEULH
DQG %XVFK3HWHUVHQ  R. cerasi KDV WZR KRVW
UDFHV RQH IHHGLQJ RQ Prunus VSS DQG WKH RWKHU
RQ Lonicera VSS %ROOHU DQG %XVK  $GXOW
IHPDOHV RI WKH Prunus KRVW UDFH FDXVH VRPH
GDPDJH E\ OD\LQJ WKHLU HJJV LQ WKH ULSHQLQJ VZHHW
DQG VRXU FKHUULHV EXW WKH PDMRU GDPDJH LV FDXVHG
E\ ODUYDO IHHGLQJ LQ WKH IUXLW SXOS ,I OHIW
XQFRQWUROOHG WKH SHUFHQWDJH RI GDPDJHG IUXLWV RQ
PHGLXP WR ODWH ULSHQLQJ VZHHW FKHUU\ YDULHWLHV
FDQ UHDFK XS WR  )LPLDQL  .RYDQFL DQG
.RYDQFL
<HOORZ VWLFN\ WUDSV KDYH SURYHQ WR EH XVHIXO WRROV
IRU PRQLWRULQJ R. cerasi DGXOWV 5XVV HW DO 
5HPXQG DQG %ROOHU  0RQLWRULQJ WKH WLPH
DQG LQWHQVLW\ RI DGXOW HPHUJHQFH ZLWK WUDSV LV
FULWLFDO IRU WKH EHWWHU XWLOL]DWLRQ RI FKHPLFDO
FRQWURO LQ WKH LQWHJUDWHG SHVW PDQDJHPHQW
SURJUDPV $ WROHUDQFH OLPLW RI ± LQIHVWDWLRQ RI
WKLV SHVW IRU H[SRUW KDV IRUFHG JURZHUV LQWR
LQWHQVLYH FRQWURO SURJUDPV WR SUHYHQW LQIHVWDWLRQV
)LPLDQL  +RZHYHU WKH UHVWULFWLRQ RI
SHVWLFLGH XVH LQ DJULFXOWXUH E\ (XURSHDQ
(FRQRPLF &RPPXQLW\ ((& UHJXODWLRQ Q
 ZLWKLQ WKH IUDPHZRUN RI ,2%&:356
JXLGHOLQHV FRXSOHG ZLWK WKH GHPDQG IURP H[SRUW
PDUNHW IRU FURSV JURZQ ZLWK OHVV SHVWLFLGH KDV
LQFUHDVHG WKH LQWHUHVW IRU UHGXFHGULVN
PDQDJHPHQW RI R. cerasi ,W LV SRVVLEOH WR UHGXFH
WKH QXPEHU RI LQVHFWLFLGH DSSOLFDWLRQV DQG WR
DYRLG LPSURSHUO\ WLPHG VSUD\V YLD WUDSSLQJ EXW
HIIHFWLYH PRQLWRULQJ UHTXLUHV DFFXUDWH WLPLQJ RI
LQLWLDO WUDS SODFHPHQW ,Q DGGLWLRQ WUDS FDWFKHV LI
HPSOR\HG DV WKH VROH LQGLFDWRU KDYH SURYHQ
XQUHOLDEOH IRU GHWHUPLQLQJ WKH ILUVW HPHUJHQFH RI
Rhagoletis indifferens &XUUDQ IOLHV LQ FRPPHUFLDO
RUFKDUGV EHFDXVH RI ORZ SRSXODWLRQV 6RQJ HW DO

$ FRPSOHPHQWDU\ WRRO WR WUDSSLQJ LV WKH XVH RI
GHJUHHGD\ '' DFFXPXODWLRQV IRU SUHGLFWLQJ
DGXOW HPHUJHQFH EDVHG RQ WKH UHODWLRQVKLS
EHWZHHQ SRVWGLDSDXVH SXSDO GHYHORSPHQW DQG
WHPSHUDWXUH ''V DUH KHDW XQLWV WKDW DUH
DFFXPXODWHG DERYH D VSHFLILHG EDVH WHPSHUDWXUH
GXULQJ D KRXU SHULRG %DVNHUYLOOH DQG (PLQ
 8VLQJ VRLO WHPSHUDWXUHV D QXPEHU RI ''
PRGHOV KDYH EHHQ GHYHORSHG IRU R. cerasi
HPHUJHQFH LQ GLIIHUHQW SDUWV RI (XURSH LQFOXGLQJ
3RODQG 6ZLW]HUODQG DQG $XVWULD /HVNL 
%ROOHU  0XOOHU  /HVNL  UHSRUWHG
WKDW DGXOW HPHUJHQFH EHJDQ ZKHQ SXSDH KDG
DFFXPXODWHG  '' DERYH D WKUHVKROG RI  &
VWDUWLQJ IURP  -DQXDU\ 7KH WHPSHUDWXUH VXP RI
 '' DERYH  & ZDV VXJJHVWHG E\ %ROOHU
 EXW ODERUDWRU\ VWXGLHV VKRZHG WKDW  & LV
WRR ORZ DV D EDVH WHPSHUDWXUH %DNHU DQG 0LOOHU
 +RZHYHU %ROOHU DQG %XVK  GRXEWHG
WKH UHOLDELOLW\ RI WKHVH SUHGLFWLRQV DIWHU WKH\
REVHUYHG GLIIHUHQFHV LQ HPHUJHQFH RI IOLHV ZKHQ
NHSW DW  & IROORZLQJ SXSDO VWRUDJH DW & IRU
 GD\V IURP GLIIHUHQW SDUWV RI (XURSH /DWHU
ILHOG VWXGLHV FDUULHG RXW E\ 5DQQHU 
LQGLFDWHG VLJQLILFDQW GLIIHUHQFHV LQ HPHUJHQFH
WLPHV DQG SHULRGV EHWZHHQ IOLHV RI WKH Prunus DQG
Lonicera UDFH 9DOLGDWLRQ HIIRUWV XVLQJ SUHVHQW
PRGHOV KDYH QRW SURYHQ VDWLVIDFWRU\ ZKHQ DSSOLHG
WR ORFDO SRSXODWLRQV RI P. avium KRVW UDFH RI R.
cerasi LQ7XUNH\.RYDQFL
,Q DGGLWLRQ JURZHUV ILQG LW LPSUDFWLFDO WR XVH VRLO
WHPSHUDWXUHV IRU GHWHUPLQLQJ DGXOW HPHUJHQFH
$OWKRXJK $OLQLD]HH  VKRZHG WKDW ERWK VRLO
DQG DLU WHPSHUDWXUHV FDQ EH XVHG IRU GHWHUPLQLQJ
WKH HPHUJHQFH RI R. indifferens IOLHV EDVHG RQ WKH
VDPH ORZHU GHYHORSPHQWDO WKUHVKROG RI  & QR
VXFK DWWHPSW ZDV PDGH IRU SUHGLFWLQJ WKH
HPHUJHQFH RI R. cerasi IOLHV EDVHG RQ DLU
WHPSHUDWXUHDFFXPXODWLRQV
7KH PDMRU REMHFWLYHV RI WKLV VWXG\ ZHUH WR GHYHORS
D UHGXFHGULVN PDQDJHPHQW SURJUDP DQG WR
SUHGLFW WKH ILUVW HPHUJHQFH RI R. cerasi IOLHV IRU
RSWLPDO WLPLQJ RI LQVHFWLFLGH DSSOLFDWLRQV XVLQJ
'' DFFXPXODWLRQV DV D FRPSOHPHQWDU\ WRRO WR
WUDSSLQJ
Materials and Methods
Description of the study sites
([SHULPHQWV ZHUH FRQGXFWHG LQ VPDOOVFDOH
EDFN\DUG DQG ODUJHVFDOH FRPPHUFLDO FKHUU\ VZHHW
RUFKDUGV DW WZR ORFDWLRQV %XUVD SODLQ DQG 0RXQW
8OXGDJ LQ QRUWKZHVWHUQ 7XUNH\ GXULQJ
±
7KH VWXG\ VLWHV ZHUH  'REXUFD EDFN\DUG
RUFKDUG FHQWUDO %XUVD ORFDWHG DW DQ DOWLWXGH RI
 P LQ WKH %XUVD SODLQ  1  ( 
&XNXUFD FRPPHUFLDO RUFKDUG HDVW RI %XUVD
ORFDWHG DW DQ DOWLWXGH RI  P LQ WKH %XUVD SODLQ
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 (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 6RJXNSLQDU EDFN\DUG
RUFKDUG ORFDWHG DW DQ DOWLWXGH RI  P LQ 0RXQW
8OXGDJ  1  (  6RJXNSLQDU
FRPPHUFLDO RUFKDUG ORFDWHG DW DQ DOWLWXGH RI 
P LQ 0RXQW 8OXGDJ  1  ( (DFK
EDFN\DUG RUFKDUG ZDV D  KD EORFN RI PHGLXP
ULSHQLQJ µ%LQJ¶ DQG ODWHULSHQLQJ µ =LUDDW¶
YDULHWLHV ZKLOH HDFK FRPPHUFLDO RUFKDUG ZDV
DSSUR[LPDWHO\  KD LQ VL]H FRQVLVWLQJ RI
ODWHULSHQLQJ µ =LUDDW¶ VZHHW FKHUU\ DQG
µ.XWDK\D¶VRXUFKHUU\YDULHWLHV
,Q EDFN\DUG RUFKDUGV R. cerasi SRSXODWLRQV ZHUH
PDQDJHG XQGHU UHGXFHGULVN SURJUDP ,Q WKLV
SURJUDP VRLO SORXJKLQJ LQ WKH IDOO RU VSULQJ WR
GHVWUR\ WKH SXSDH ZDV FRPELQHG ZLWK D VLQJOH
DSSOLFDWLRQ RI GLD]LQRQ +H]XGLQ  (0 +HNWDV
ZZZKHNWDVFRP DW  O LQ  O RI ZDWHU SHU KD
LQ  DQG D]DGLUDFKWLQ GHULYHG IURP WKH VHHGV
RI QHHP WUHH Azadirachta indica $ -XVV 1HHP
$]DO76  $]DGLUDFKWLQ 7ULIROLR0 *PE+
ZZZWULIROLRPGH DW  O LQ  O RI ZDWHU SHU KD
LQ  XVLQJ D NQDSVDFN VSUD\HU 'LD]LQRQ DQG
D]DGLUDFKWLQ DSSOLFDWLRQ ZDV PDGH RQ  -XQH DQG
 0D\ LQ 'REXUFD EDFN\DUG RUFKDUG LQ  DQG
 UHVSHFWLYHO\ 6RJXNSLQDU EDFN\DUG RUFKDUG
UHFHLYHG RQH GLD]LQRQ DSSOLFDWLRQ RQ  -XQH LQ
 DQG RQH D]DGLUDFKWLQ DSSOLFDWLRQ RQ  -XQH
LQ
(DFK FRPPHUFLDO RUFKDUG UHFHLYHG VL[ WR VHYHQ
DSSOLFDWLRQV RI PDODWKLRQ +HNWKLRQ  (0
+HNWDV DW  O LQ  O RI ZDWHU SHU KD XVLQJ DQ
DLUEODVW VSUD\HU ,QVHFWLFLGH WUHDWPHQWV EHJDQ RQ
 0D\ DQG  -XQH LQ &XNXUFD DQG 6RJXNSLQDU
FRPPHUFLDO RUFKDUGV UHVSHFWLYHO\ LQ ERWK \HDUV
DQG FRQWLQXHG RQ D ZHHNO\ VFKHGXOH XQWLO ±
GD\VEHIRUHKDUYHVW
Monitoring
5HEHOO W\SH \HOORZ VWLFN\ WUDSV 6ZLVV )HGHUDO
5HVHDUFK 6WDWLRQ :DGHQVZLO 6ZLW]HUODQG
FRQVLVWLQJ RI WZR FURVVHG SDQHOV FRDWHG ZLWK D
OD\HU RI 7DQJOHWUDS DGKHVLYH 7KH 7DQJOHIRRW
&RPSDQ\ ZZZWDQJOHIRRWFRP ZHUH XVHG WR
PRQLWRU WKH IOLJKW DFWLYLW\ RI DGXOWV $W HDFK
RUFKDUG WKUHH WUDSV ZHUH GHSOR\HG LQ WKH H[WHULRU
DQG VRXWKHUQ VLGH RI WUHH FDQRS\ DW ± P
KHLJKW ZLWK D GLVWDQFH RI  P IURP HDFK RWKHU
7UDSV ZHUH SODFHG LQ WKUHH GLIIHUHQW URZV IRU HDFK
RUFKDUG LQ D GLDJRQDO SDWWHUQ RQH HDFK LQ WKH
QRUWKZHVWHUQ DQG VRXWKHDVWHUQ VLGH RI WKH
RUFKDUG EORFN DQG RQH QHDU WKH PLGGOH RI WKH
EORFN 7KH\ ZHUH VHW XS LQ HDUO\ 0D\ 7UDSV ZHUH
FKHFNHG GDLO\ XQWLO WKH ILUVW VXVWDLQHG IO\ FDSWXUHV
RFFXUUHG DQG WKHQ DGXOW DEXQGDQFH ZDV
PRQLWRUHG ZHHNO\ XQWLO PLG$XJXVW DW HDFK
ORFDWLRQ
Fruit damage
)UXLW GDPDJH ZDV DVVHVVHG IRU WKH SUHVHQFH RI
ODUYD DW KDUYHVW LQ ODWH -XQH DW ORZ DOWLWXGH VLWHV
DQG HDUO\ -XO\ DW KLJK DOWLWXGH VLWHV :LWKLQ HDFK
WUHDWPHQW IUXLW GDPDJH ZDV HYDOXDWHG E\ SLFNLQJ
 IUXLW DUELWUDULO\ IURP HDFK RI  WUHHV SHU
WUHDWPHQW DQG E\ LQVSHFWLQJ HDFK IUXLW DQG WKHQ
FXWWLQJ GDPDJHG IUXLW WR FKHFN IRU LQWHUQDO
LQIHVWDWLRQ $OO ODUYDH ZHUH FROOHFWHG DQG
LGHQWLILHGWRVSHFLHV
DD calculations
)LJXUH  VKRZV WKH ILYH GD\ DYHUDJH WHPSHUDWXUHV
DQG WRWDO SUHFLSLWDWLRQ LQ 'REXUFD %XUVD SODLQ
DQG 6RJXNSLQDU 0W 8OXGDJ GXULQJ WKH VWXG\
SHULRG 7KH GDWD ZHUH REWDLQHG IURP WZR QDWLRQDO
ZHDWKHU VHUYLFH VWDWLRQV LQ %XUVD L +XUUL\HW
 P 1 ( DQG LL 0RXQW 8OXGDJ
 P 1 ( %RWK VWDWLRQV DUH 
NP IURP WKH H[SHULPHQWDO DUHDV %DVHG RQ WKH
HTXDWLRQ RI %DVNHUYLOOH DQG (PLQ  GDLO\
PD[LPXP DQG PLQLPXP DLU WHPSHUDWXUHV ZHUH
XVHG WR FDOFXODWH ''V DERYH D GHYHORSPHQWDO
WKUHVKROG RI & VWDUWLQJ IURP  )HEUXDU\ /HVNL
 7KH VWDUWLQJ GDWH RI  )HEUXDU\ IRU WKH
DFFXPXODWLRQ RI '' ZDV FKRVHQ EHFDXVH HDUOLHU
H[SHULPHQWV KDG VKRZQ WKDW GLDSDXVH
WHUPLQDWLRQ LQ SXSDH RFFXUUHG LQ WKH ILUVW ZHHN RI
)HEUXDU\)HURQ
5HODWLYH WUDS FDWFKHV DW HDFK RUFKDUG ZHUH
FRQYHUWHG WR SHUFHQWDJH FXPXODWLYH FDWFK
&XPXODWLYH SHUFHQWDJHV ZHUH WUDQVIRUPHG WR
SURELWV +UG\ HW DO  DQG SORWWHG DJDLQVW ''
3URELW LV D FRPPRQ WUDQVIRUPDWLRQ IRU OLQHDUL]LQJ
VLJPRLG GLVWULEXWLRQV RI SURSRUWLRQV $UPLWDJH
DQG %HUU\  3URELW WUDQVIRUPDWLRQ ZDV
SHUIRUPHG WR WUDQVIRUP D W\SLFDO VLJPRLG ''
FXUYH WR D OLQHDU IXQFWLRQ $ OLQHDU UHJUHVVLRQ \  
D  E[ ZDV XVHG WR ILW D UHODWLRQVKLS EHWZHHQ IO\
FDWFK DQG DFFXPXODWHG '' ZKHUH \ VWDQGV IRU
SURELW WUDQVIRUPDWLRQ RI WKH FXPXODWLYH
SHUFHQWDJH RI IO\ FDWFKHV DQG [ VWDQGV IRU ''
6$6,QVWLWXWH
Statistical analysis
7KLV VWXG\ ZDV FRQGXFWHG XVLQJ D UDQGRPL]HG
FRPSOHWH EORFN GHVLJQ 7KH WZR WUHDWPHQWV ZHUH
WKH UHGXFHGULVN DQG FRQYHQWLRQDO LQVHFWLFLGH
RUFKDUGV %RWK WUDS FDWFK DQG IUXLW GDPDJH GDWD
ZHUH VXEMHFWHG WR DQDO\VLV RI YDULDQFH $129$
DQG PHDQV ZHUH VHSDUDWHG ZLWK )LVKHU
V 3URWHFWHG
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'REXUFDDQGE6RJXNSLQDUGXULQJ
)HEUXDU\-XO\LQDQG%XUVD7XUNH\
/6' WHVW 3   6$6 ,QVWLWXWH  )O\
FDWFKHV LQ D WRWDO RI  WUDSV ZHUH XVHG IRU
VWDWLVWLFDO DQDO\VLV DQG D WRWDO RI  IUXLWV ZHUH
DQDO\]HG IRU GDPDJH DVVHVVPHQW 0HDQ
FXPXODWLYH WUDS FDWFK YDOXHV ZHUH XVHG IRU
DQDO\VLV EHFDXVH RI WKH PDQ\ ]HURHV LQ WKH GDWD
7UDS FDWFK DQG PHDQ SHUFHQWDJH IUXLW GDPDJH
GDWD ZHUH WUDQVIRUPHG XVLQJ ORJ >x  @ DQG
DUFVLQHVTXDUHURRWSULRUWR$129$UHVSHFWLYHO\
Results
Population dynamics of R. cerasi adults
0HDQ ZHHNO\ 6(0 DGXOW FDWFKHV SHU \HOORZ
VWLFN\ WUDS IRU HDFK UHGXFHGULVN EDFN\DUG
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FDWFKHVRI 5KDJROHWLVFHUDVL IOLHVSHU\HOORZVWLFN\WUDSLQUHGXFHGULVNRUFKDUGVDW
'REXUFDDQG6RJXNSLQDULQDQG%XUVD7XUNH\
RUFKDUG DW 'REXUFD WKH ORZODQG VLWH DQG
6RJXNSLQDU WKH PRXQWDLQ VLWH LQ  DQG 
DUH VKRZQ LQ )LJXUH  )LUVW IO\ FDSWXUHV RFFXUUHG
IURP  0D\  WR  -XQH  ZLWK DQ
DYHUDJH WUDSSLQJ GDWH RI  0D\ LQ 'REXUFD
+RZHYHU ILUVW DGXOW HPHUJHQFH LQ 6RJXNSLQDU ZDV
UHFRUGHG RQ  DQG  -XQH LQ  DQG 
UHVSHFWLYHO\ ZLWK DQ DYHUDJH ILUVW GHWHFWLRQ WLPH
RI  -XQH +HQFH DGXOWV EHJDQ HPHUJLQJ DERXW
GD\VODWHUWKDQWKRVHLQ'REXUFD
$GXOW HPHUJHQFH LQ 'REXUFD VKRZHG D ELPRGDO
SDWWHUQ ZLWK SHDNV RI HPHUJHQFH FHQWHUHG DURXQG
ODWH 0D\ DQG PLG-XO\ ZKHUHDV RQO\ RQH GLVWLQFW
SHDN ZDV REVHUYHG LQ 6RJXNSLQDU DW WKH HQG RI
-XQH 7UDSV IDLOHG WR GHWHFW WKH ILUVW HPHUJHQFH RI
DGXOWV LQ LQWHQVLYHO\ PDQDJHG RUFKDUGV EHFDXVH RI
ORZ SRSXODWLRQV QHDU RU DW ]HUR H[FHSW IRU WKH
6RJXNSLQDUFRPPHUFLDORUFKDUGLQ
0HDQ FXPXODWLYH IO\ FDWFKHV SHU WUDS GLG QRW
GLIIHU VLJQLILFDQWO\ EHWZHHQ \HDUV F    GI   
 P    6LWHV ORFDWHG LQ 0RXQW 8OXGDJ KDG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH VLJQLILFDQWO\ KLJKHU WUDS FDWFKHV FRPSDUHG ZLWK
WKRVH LQ WKH %XUVD SODLQ F    GI     P 
 <HOORZ VWLFN\ WUDSV LQ FRPPHUFLDO RUFKDUGV
FDXJKW VLJQLILFDQWO\ IHZHU R. cerasi DGXOWV WKDQ
WKRVH LQ UHGXFHGULVN EDFN\DUG RUFKDUGV DYHUDJHG
RYHU \HDUV F    GI     P   ,Q
 WKH PHDQ FXPXODWLYH FDWFK RI IOLHV ZDV 
  DQG    DGXOWV SHU WUDS LQ
UHGXFHGULVN DQG FRPPHUFLDO RUFKDUGV
UHVSHFWLYHO\ 0HDQ FXPXODWLYH DGXOW FDWFK  6(0
LQFUHDVHG WR    DQG    DGXOWV
SHU WUDS LQ UHGXFHGULVN DQG FRPPHUFLDO
RUFKDUGVUHVSHFWLYHO\LQ
Fruit damage
/HYHOV RI FKHUU\ IUXLW IO\ IUXLW GDPDJH ZHUH YHU\
ORZ    LQ FRQYHQWLRQDO LQVHFWLFLGH RUFKDUGV
ZKHUHDV LQIHVWDWLRQ UDWHV UDQJHG IURP  WR  
LQ UHGXFHGULVN RUFKDUGV 7DEOH  $OWKRXJK QR
VLJQLILFDQW GLIIHUHQFHV ZHUH GHWHFWHG EHWZHHQ WKH
WUHDWPHQWV ZKHQ DQDO\]HG VHSDUDWHO\ IRU HDFK
VHDVRQ )    GI    S    IRU  )  
 GI    S    IRU  SRROHG $129$
VKRZHG WKDW WKHUH ZHUH VLJQLILFDQW GLIIHUHQFHV
EHWZHHQ WUHDWPHQWV DYHUDJHG RYHU \HDUV )  
 GI     S    7UHDWPHQW HIIHFWV ZHUH
FRQVLVWHQW RYHU \HDUV DQG ORFDWLRQV )    GI  
  S    IRU \HDUV )    GI     S   
IRUORFDWLRQV
Table 1. 0HDQ6(0SHUFHQWDJHIUXLWGDPDJHDYHUDJHG
DFURVVWZRRUFKDUGVXQGHUGLIIHUHQWPDQDJHPHQWUHJLPHV
%XUVD7XUNH\
Damage
Year Treatment % live larva
 5HGXFHGULVN D
,QVHFWLFLGH D
 5HGXFHGULVN D
,QVHFWLFLGH D
Pooled 5HGXFHGULVN D
,QVHFWLFLGH E
)RUHDFK\HDUPHDQVLQWKHVDPHFROXPQIROORZHGE\WKH
VDPHOHWWHUDUHQRWVLJQLILFDQWO\GLIIHUHQWE\)LVKHU¶V
SURWHFWHG/6'WHVW3'DWDZHUHDQDO\VHGXVLQJ
DUFVLQHVTXDUHURRWEXWGDWDVKRZQDUHEDFN
WUDQVIRUPDWLRQV
DD accumulations
'' DFFXPXODWLRQV VLQFH  )HEUXDU\ LQGLFDWH WKDW
ILUVW DGXOW HPHUJHQFH YDULHG IURP  WR  ''
   LQ 'REXUFD DQG IURP  WR 
''    LQ 6RJXNSLQDU LQ  DQG
 UHVSHFWLYHO\ 7KH PHDQ DFFXPXODWLRQ IRU
WKH EHJLQQLQJ RI DGXOW HPHUJHQFH DW WKH PRXQWDLQ
VLWH ZDV  '' KLJKHU WKDQ WKRVH IRU 'REXUFD
$SSDUHQWO\ WKH HIIHFW RI WKH FRROHU PHDQ
WHPSHUDWXUHV DW WKH PRXQWDLQ VLWH ZDV UHIOHFWHG LQ
WKHWLPLQJRIDGXOWHPHUJHQFH
$GXOW HPHUJHQFH H[KLELWHG ELPRGDO SHDNV LQ D
VLQJOH IOLJKW DW WKH 'REXUFD RUFKDUG WKH ILUVW SHDN
RFFXUUHG IURP  WR  '' DQG WKH VHFRQG SHDN
RFFXUUHG IURP  WR  '' GHSHQGLQJ RQ \HDUV
,Q FRQWUDVW WKHUH ZDV D VLQJOH SHDN HPHUJHQFH RI
DGXOWV DW WKH 6RJXNSLQDU RUFKDUG ZLWK D SHDN
IURP  WR  '' $GXOW IOLJKW HQGHG DW 
DQG  '' LQ 'REXUFD LQ  DQG 
UHVSHFWLYHO\ 1R DGXOWV ZHUH FDXJKW DIWHU  DQG
 '' LQ 6RJXNSLQDU LQ VDPH RUGHU 7KXV WRWDO
DGXOW IOLJKW SHULRG UDQJHG IURP  WR  '' LQ
'REXUFDDQGIURPWR''LQ6RJXNSLQDU
7KH OLQHDU UHODWLRQVKLS EHWZHHQ WHPSHUDWXUH
DFFXPXODWLRQV DQG FXPXODWLYH SHUFHQWDJH WUDS
FDWFKHV RI R. cerasi DGXOWV DW 'REXUFD DQG
6RJXNSLQDU EDFN\DUG RUFKDUGV LQ  DQG 
DUH SUHVHQWHG LQ 7DEOH  ,Q DOO FDVHV OLQHDU
FRUUHODWLRQV ZHUH VWDWLVWLFDOO\ VLJQLILFDQW
&RUUHODWLRQ FRHIILFLHQWV ZHUH DOVR KLJK UDQJLQJ
IURP  WR  &RPSDULVRQ RI WKH OLQHDU
HTXDWLRQV REWDLQHG IURP 'REXUFD ZLWK
6RJXNSLQDU UHYHDOHG WKDW OLQH VORSHV ZHUH QRW
VLJQLILFDQWO\ GLIIHUHQW )    GI     S  
 $GGLWLRQDOO\ WKH  FRQILGHQFH LQWHUYDOV
&, RI WKH FRUUHODWLRQV ZHUH TXLWH QDUURZ
HVSHFLDOO\ IRU WKH VORSHV 8QOLNH WKHVH KLJK OLQHDU
FRUUHODWLRQV EHWZHHQ WHPSHUDWXUH DQG DGXOW
HPHUJHQFH WKHUH ZDV QR FOHDU UHODWLRQVKLS
EHWZHHQDGXOWHPHUJHQFHDQGSUHFLSLWDWLRQ
:KHQ '' DFFXPXODWLRQV IRU ERWK \HDUV ZHUH
FRPELQHG VHSDUDWHO\ IRU HDFK ORFDWLRQ OLQHDU
PRGHO SUHGLFWLRQV JDYH D JRRG ILW WR WKH DFWXDO
WUDS FDWFKHV )LJXUH  7KH PRGHO SUHGLFWLRQV IRU
WKH PHDQ '' DFFXPXODWLRQ YDOXHV FRUUHVSRQGLQJ
WR    DQG  RI DFWXDO WUDS FDWFKHV DUH
VXPPDUL]HG LQ 7DEOH  7KH GLIIHUHQFHV EHWZHHQ
WKH '' SUHGLFWLRQV DQG WKH REVHUYHG YDOXHV
UDQJHG IURP  WR  GD\V )RU H[DPSOH WKH
DFFXPXODWHG '' YDOXHV IRU  RI WUDS FDWFKHV LQ
'REXUFD ZDV SUHGLFWHG DW  '' DQG DFWXDO
PHDQ  FDWFK RFFXUUHG DW  '' ZKHQ
DYHUDJHG DFURVV \HDUV LQGLFDWLQJ D KLJKO\ DFFXUDWH
SUHGLFWLYH PRGHO 6LPLODUO\ WKH REVHUYHG DQG
SUHGLFWHG GDWHV RI  DGXOW HPHUJHQFH DW
6RJXNSLQDU ZHUH VLPLODU  DQG  ''
UHVSHFWLYHO\
Discussion
7KH UHVXOWV RI WKLV VWXG\ FOHDUO\ VKRZHG WKDW WKHUH
ZHUH VLJQLILFDQWO\ PRUH IOLHV FDSWXUHG LQ \HOORZ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 2. 5HODWLRQVKLSEHWZHHQSURELWWUDQVIRUPDWLRQRIWKHFXPXODWLYHSHUFHQWDJHRI Rhagoletis cerasi IOLHV
FDXJKWLQ\HOORZVWLFN\WUDSVDQGGHJUHHGD\DFFXPXODWLRQVDERYH&VLQFH)HEUXDU\LQUHGXFHGULVNRUFKDUGVDW
'REXUFDDQG6RJXNSLQDU0W8OXGDJLQDQG%XUVD7XUNH\
Location Year Regression equation d.f. F r2 SE Slope y intercept
'REXUFD  \ [     ± ïWR
'REXUFD  \ [     ± ïWRï
&RPELQHG %RWK \ [     ± ïWRï
6RJXNSLQDU  \ [     ± ïWRï
6RJXNSLQDU  \ [     ± ïWRï
&RPELQHG %RWK \ [     ± ïWRï
Pooled \ [     ± ïWR
Figure 3. 5HODWLRQVKLSEHWZHHQSURELWWUDQVIRUPDWLRQRIWKHFXPXODWLYHSHUFHQWDJHRI Rhagoletis cerasi IOLHV
FDXJKWLQ\HOORZVWLFN\WUDSVDQGGHJUHHGD\DFFXPXODWLRQVDERYH&VLQFH)HEUXDU\LQUHGXFHGULVNRUFKDUGVDW
D'REXUFDDQGE6RJXNSLQDULQDQG%XUVD7XUNH\
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH VWLFN\ WUDSV LQ WKH UHGXFHGULVN EDFN\DUG RUFKDUGV
FRPSDUHG ZLWK WKH FRQYHQWLRQDOO\ WUHDWHG
RUFKDUGV 6LPLODUO\ OHYHOV RI IUXLW GDPDJH LQ WKH
UHGXFHGULVN RUFKDUGV ZHUH VLJQLILFDQWO\ KLJKHU
WKDQ WKRVH LQ WKH FRQYHQWLRQDO LQVHFWLFLGH
RUFKDUGV ZKHQ GDWD ZHUH SRROHG RYHU \HDUV ,W
VHHPV WKDW RQH VSUD\ DSSOLFDWLRQ PD\ QRW SURYLGH
DGHTXDWH SURWHFWLRQ DW WKH ORZ DOWLWXGH VLWH
'REXUFD EHFDXVH RI XQHYHQ ULSHQLQJ RI FKHUULHV
DQG WKH FRQVHTXHQW ELPRGDO IOLJKW SDWWHUQ
/LNHZLVH DQ DGGLWLRQDO LQVHFWLFLGH DSSOLFDWLRQ
PD\ EH QHFHVVDU\ DW WKH KLJK DOWLWXGH VLWHV
6RJXNSLQDU GXH WR SURORQJHG HPHUJHQFH SDWWHUQ
RIDGXOWV
%DVHG RQ RXU REVHUYDWLRQV \HOORZ VWLFN\ WUDSV
ZHUH XQUHOLDEOH DV DQ DFFXUDWH IRUHFDVWLQJ WRRO IRU
GHWHFWLQJ WKH ILUVW DGXOW HPHUJHQFH LQ LQWHQVLYHO\
PDQDJHG FRQYHQWLRQDO RUFKDUGV ZKHUH R. cerasi
SRSXODWLRQV ZHUH YHU\ ORZ 7KLV LV LQ DJUHHPHQW
ZLWK WKH ILQGLQJV RI 6RQJ HW DO  ZKR UHSRUWHG
WKDW WUDSV IDLOHG WR GHWHUPLQH WKH ILUVW HPHUJHQFH
RI R. indifferens DGXOWV LQ RUFKDUGV ZKHUH
SRSXODWLRQV ZHUH ORZ 6LQFH WKH LQIHVWDWLRQ
WROHUDQFH OLPLW LV ORZ ± FRPPHUFLDO
JURZHUV DUH HYHQ FRQFHUQHG DERXW ORZ
SRSXODWLRQV ZKLFK FDQ FDXVH KLJK OHYHO RI
LQIHVWDWLRQV)LPLDQL
$V D FRPSOHPHQWDU\ WRRO WR WUDSSLQJ ZH
GHYHORSHG D '' PRGHO IRU DFFXUDWH WLPLQJ RI
LQVHFWLFLGH DSSOLFDWLRQV ,W LV DSSDUHQW WKDW RXU
'' PRGHO FDQ SUHGLFW WKH WLPH RI DGXOW
HPHUJHQFH ZLWK D KLJK DFFXUDF\ 0RGHO
SUHGLFWLRQV VKRZHG D JRRG OLQHDU ILW WR WKH DFWXDO
WUDS FDWFKHV 7KH ZLGHVW GLIIHUHQFHV EHWZHHQ WKH
SUHGLFWHG DQG REVHUYHG ''V IRU WKH YDULRXV
SHUFHQWDJHV RI WKH DGXOW HPHUJHQFH ZHUH RQO\
 DQG  '' 7DEOH  ZKLFK FRUUHVSRQGV
WR D GLIIHUHQFH RI  GD\V EDVHG RQ WKH PHDQ -XQH
WHPSHUDWXUHV RI  DQG  DW 6RJXNSLQDU WKH
PRXQWDLQ VLWH DQG 'REXUFD UHVSHFWLYHO\
'LIIHUHQFHV EHWZHHQ WKH UHJUHVVLRQ OLQH VORSHV RI
'REXUFD DQG 6RJXNSLQDU ZHUH QRW VLJQLILFDQW
7KLV LQIRUPDWLRQ VXJJHVWV WKDW WKH PRGHO FDQ EH
JHQHUDOL]HG KRZHYHU WKH ORZHU FRUUHODWLRQ
FRHIILFLHQW RI WKH SRROHG GDWD IURP DOO ORFDWLRQV
ZKHQ FRPSDUHG ZLWK KLJK FRUUHODWLRQ IRU HDFK
ORFDWLRQ VHSDUDWHO\ VKRZV WKH QHHG IRU
LQFRUSRUDWLRQ RI RWKHU ELRORJLFDO IDFWRUV LQWR WKLV
PRGHO WR UHSUHVHQW WKH DFWXDO GHYHORSPHQW
SURFHVVRIORFDOSRSXODWLRQV6RQJHWDO
,Q DYHUDJH R. cerasi DGXOWV HPHUJHG  GD\V
HDUOLHU LQ 'REXUFD WKDQ WKRVH LQ 6RJXNSLQDU EXW
WKH GLIIHUHQFH LQ '' DFFXPXODWLRQV UHTXLUHG IRU
HPHUJHQFH ZDV RQO\  '' 9DU\LQJ WHPSHUDWXUH
VXP UHTXLUHPHQWV IRU DGXOW HPHUJHQFH EHWZHHQ
ORFDWLRQV PD\ EH H[SODLQHG HLWKHU E\ WKH
GLIIHUHQFHV LQ WLPLQJ RI GLDSDXVH WHUPLQDWLRQ RU
E\ WKH GLIIHUHQFHV LQ SRVWGLDSDXVH GHYHORSPHQW
%DNHU DQG 0LOOHU  OLNHO\ GXH WR FRROHU
WHPSHUDWXUHV LQ 6RJXNSLQDU )XUWKHU H[SHULPHQWV
DUHQHFHVVDU\WRFRQILUPWKHVHK\SRWKHVHV
$GXOW SRSXODWLRQV LQ 6RJXNSLQDU QRW RQO\
HPHUJHG ODWHU EXW DOVR VKRZHG D SURORQJHG
HPHUJHQFH SDWWHUQ FRPSDUHG ZLWK WKRVH LQ
'REXUFD ,Q ODERUDWRU\ VWXGLHV %ROOHU DQG %XVK
 DOVR IRXQG ODWH DQG SURORQJHG HPHUJHQFH
FXUYHV IRU SXSDH IURP WKUHH RXW RI  VLWHV ZKLFK
WKH\ ZHUH FROOHFWHG 7KH\ VXJJHVWHG WKDW WKHVH
HPHUJHQFH FXUYHV PD\ EH DVVRFLDWHG ZLWK WKH
XQHYHQ ULSHQLQJ RI FKHUULHV LQ WKHVH DUHDV
+RZHYHU SURORQJHG HPHUJHQFH ZDV QRW IRXQG WR
EH WKH FDVH LQ 'REXUFD ZKHUH PHGLXP DQG
ODWHULSHQLQJ YDULHWLHV ZHUH PL[HG ZLWK HDFK
RWKHU 2QH SRVVLEOH H[SODQDWLRQ IRU WKH SURORQJHG
HPHUJHQFH SDWWHUQ DW WKH 6RJXNSLQDU RUFKDUG PD\
EH WKH SUHVHQFH RI DQ DOWHUQDWLYH KRVW VRXU
FKHUULHV ZKLFK EHDUV IUXLW ODWHU LQ WKH VHDVRQ WKDQ
VZHHW FKHUU\ 6RJXNSLQDU EDFN\DUG RUFKDUG ZDV
VXUURXQGHG E\ PDQ\ VRXU FKHUU\ RUFKDUGV DQG
VRXU FKHUU\ LQIHVWDWLRQV FDQ UHDFK XS WR  LQ
WKLV DUHD .RYDQFL  (YLGHQWO\ WKH ULSHQLQJ
SHULRG RI VZHHW FKHUULHV UHJXODWHV WKH PHDQ
HPHUJHQFH WLPH +RZHYHU VRXU FKHUULHV SURYLGH
DQ DOWHUQDWLYH RYLSRVLWLRQ VLWH DQG WKHLU ULSHQLQJ
SHULRG FDQ GHWHUPLQH WKH UDQJH RI WKH HPHUJHQFH
WLPH 7KLV PD\ EH D EHWKHGJLQJ RU ULVN VSUHDGLQJ
VWUDWHJ\ ZKLFK PD\ JLYH D VHOHFWLYH DGYDQWDJH
EHFDXVH WKH RIIVSULQJ RI DQ\ JLYHQ IHPDOH HPHUJH
Table 3. 3UHGLFWHGDQGREVHUYHGYDOXHVRIGHJUHHGD\DFFXPXODWLRQVDERYH&VLQFH)HEUXDU\FRUUHVSRQGLQJWR
DQGRI Rhagoletis cerasi DGXOWFDSWXUHVLQ\HOORZVWLFN\WUDSVGHSOR\HGLQUHGXFHGULVNRUFKDUGVDW
'REXUFDDQG6RJXNSLQDU0W8OXGDJ%XUVD7XUNH\
Location 10% captures 25% captures 50% captures 75% captures
'REXUFD 3UHGLFWHGYDOXHV    
2EVHUYHGYDOXHV    
(UURUPHDQ    
6RJXNSLQDU 3UHGLFWHGYDOXHV    
2EVHUYHGYDOXHV    
(UURUPHDQ    
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH RYHU DQ H[WHQGHG WLPH SHULRG DV LQVXUDQFH
DJDLQVW SRRU FRQGLWLRQV LQ VRPH \HDUV +RSSHU
 ,Q D KHWHURJHQHRXV HQYLURQPHQW ODUYDO
ROLJRSKDJ\ WRJHWKHU ZLWK WKH DELOLW\ RI ORFDO
SRSXODWLRQV WR DGDSW WR WKH FKHPLFDO TXDOLW\ DQG
ULSHQLQJ SHULRG RI WKH GRPLQDQW KRVW SODQW DOVR
PDNHV WKH RSSRUWXQLVWLF XVH RI ORZ TXDOLW\ KRVW
VSHFLHV LQ WKLV FDVH VRXU FKHUULHV SRVVLEOH
7LNNDQHQ  7KLV SKHQRORJLFDO DGDSWDWLRQ
SKHQRPRQHQ ZDV DOVR UHSRUWHG LQ Operophtera
brumata /SRSXODWLRQV7LNNDQHQ
%DVHG RQ DGXOW FDSWXUHV RQ \HOORZ VWLFN\ WUDSV R.
cerasi DGXOWV H[KLELWV D ELPRGDO HPHUJHQFH
SDWWHUQ LQ D VLQJOH IOLJKW DW WKH 'REXUFD RUFKDUG
ZKLFK FRQVLVWHG RI PHGLXP ULSHQLQJ µ%LQJ¶ DQG
ODWHULSHQLQJ µ =LUDDW¶ YDULHWLHV /LNHZLVH
ELPRGDO SHDNV LQ DSSOH PDJJRW Rhagoletis
pomonella :DOVK DGXOWV ZHUH REVHUYHG LQ
ZHVWHUQ 1RUWK &DUROLQD 86$ -) :DOJHQEDFK
SHUVRQDO FRPPXQLFDWLRQ 3RWHQWLDO UHDVRQV IRU
WKLV ELPRGDO DFWLYLW\ SDWWHUQ LQ R. cerasi DGXOWV
DUH XQNQRZQ EXW PD\ EH DWWULEXWHG WR VZHHW
FKHUU\ FXOWLYDU RQ ZKLFK ODUYDH IHHG YDULDWLRQ LQ
GLDSDXVH UHTXLUHPHQWV DQGRU D JHQHWLFDOO\
OLQNHG WUDLW :KHWKHU VZHHW FKHUU\ FXOWLYDU DIIHFWV
WKH GHYHORSPHQWDO UDWH RI R. cerasi ODUYDH DQG
WKXV WKH WLPH ZKHQ WKH\ HQWHU DQG FRPSOHWH
GLDSDXVHGHYHORSPHQWLVXQNQRZQ
2XU ILHOG REVHUYDWLRQV LQGLFDWHG WKDW 
HPHUJHQFH RI DGXOWV FRLQFLGHG ZLWK WKH ULSHQLQJ
SHULRG RI VZHHW FKHUULHV ZKHQ WKH IUXLWV VWDUW
WXUQLQJ IURP D EULJKW JUHHQ WR D VWUDZ\HOORZ ,W LV
FRPPRQ IRU EDFN\DUG FKHUU\ JURZHUV WR PDNH RQH
LQVHFWLFLGH DSSOLFDWLRQ GXULQJ WKLV SHULRG DQG
XVXDOO\ QR DGGLWLRQDO VSUD\ LV DSSOLHG EHFDXVH RI
DSSURDFKLQJ KDUYHVW WLPH DQG HFRQRPLF
FRQVWUDLQWV +RZHYHU LQVHFWLFLGH DSSOLFDWLRQV IRU
FRQWURO RI R. cerasi DGXOWV FDQ EH EHVW WLPHG E\
XVLQJ WKH PHDQ '' YDOXHV FRUUHVSRQGLQJ WR WKH
YDULRXV SHUFHQWDJHV RI WKH DGXOW HPHUJHQFH 2XU
SUHGLFWLRQ PRGHO VXJJHVWV WKDW WKH RSWLPXP
VSUD\ZLQGRZ IRU D VLQJOH LQVHFWLFLGH DSSOLFDWLRQ
RFFXUV EHWZHHQ  DQG  '' LQ 'REXUFD
DQG EHWZHHQ  DQG  '' LQ
6RJXNSLQDU 7KLV REVHUYDWLRQ KDV QRW \HW EHHQ
WHVWHG DQG WKH HIILFDF\ RI FRQWURO VKRXOG EH
HYDOXDWHG IRU WKH YDULRXV SHUFHQWDJHV RI WKH DGXOW
HPHUJHQFH <HW RXU '' PRGHO FDQ KHOS SHVW
PDQDJHUV WR FRQYLQFH FRPPHUFLDO JURZHUV WR VWRS
XVLQJ FDOHQGDUEDVHG VSUD\V 2SWLPDO WLPLQJ RI
LQVHFWLFLGH VSUD\V FRXOG UHGXFH WKH RYHUDOO
QXPEHU RI DSSOLFDWLRQV GXULQJ WKH JURZLQJ VHDVRQ
DQG WKXV UHGXFH FRQWURO FRVWV DQG WKH ULVN RI
QRQWDUJHW HIIHFWV DQG HQYLURQPHQWDO
FRQWDPLQDWLRQ ,Q FRQFOXVLRQ RXU UHVXOWV VXJJHVW
WKDW WKH XVH RI ''V LQ FRPELQDWLRQ ZLWK WUDSV
ZRXOG SURYLGH D VDIHU DQG PRUH FRVWHIIHFWLYH
PDQDJHPHQWV\VWHPIRU R. cerasi SRSXODWLRQV
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